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Glucuronyl C5-epimerases catalyze the conversion of D-glucuronic acid 
(GlcUA) to L-iduronic acid (IdceA) units during the biosynthesis of 
glycosaminoglycans . An epimerase implicated in the generation of 
heparin/heparan sulfate was previously purified to homogeneity from bovine 
liver (Campbell, P. , Hannesson, H. H. , Sandback, D. , Roden, L. , Lindahl, 
U., and Li, J.-p, (1994) J. Biol. Chem. 269, 2695-26958). The 
present report describes the molecular cloning and functional expression 
of the lung enzyme, The cloned enzyme contains 444 amino acid residues and 
has a molecular mass of 49,905 Da, N-terminal sequence analysis of the 
isolated liver enzyme showed this species to be a truncated form lacking a 
73-residue N-terminal domain of the deduced amino acid sequence. 

The coding cDNA insert was cloned into a baculovirus expression vector 
and expressed in Sf9 insect cells, Cells infected with recombinant 
epimerase showed a 20-30-fold increase in enzyme activity, measured as 
release of (H20)-H-3 from a polysaccharide substrate containing 
C5-H-3-labeled hexuronic acid units. Furthermore, incubation of the 
expressed protein with the appropriate (GlcUA-GlcNSO (3) ) (n) substrate 
resulted in conversion of similar to 20% of the GlcUA units into IdceA 
residues, Northern analysis implicated two epimerase transcripts in both 
bovine lung and liver tissues, a dominant similar to 9-kilobase (kb) mRNA 
and a minor similar to 5-kb species, Mouse mastocytoma cells showed only 
the similar to 5-kb transcript. A comparison of the cloned epimerase with 
the enzymes catalyzing an analogous reaction in alginate biosynthesis 
revealed no apparent amino acid sequence similarity. 
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TI Biosynthesis of heparin/heparan sulfate. Purification of the D-glucuronyl 

C-5 epimerase from bovine liver 

AU Campbell P.; Hannesson H.H.; Sandback D. ; Roden L. ; Lindahl U.; Li J.-P. 

CS Dept. of Medical/Physiological Chem., Biomedical Center, University of 

Uppsala, S-751 23 Uppsala, Sweden. 
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DT Journal; Article 
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AB The D-glucuronyl C-5 epimerase involved in the biosynthesis of 



DT 
FS 
LA 
REC 

AB 



heparin/heparan sulfate was purified from the high speed supernatant 
fraction of a homogenate of bovine liver by chromatography on 
immobilized O-desulf ated heparin, red Sepharose, phenyl 
Sepharose, and concanavalin A-Sepharose. After close to 1 million-fold 
purification, in 10-15% yield, the product gave a single band on 
SDS-polyacrylamide gel electrophoresis with silver staining and had a 
mobility corresponding to an M(r) of .sim.52,000. Since the 
epimerase assay used in the course of purification was based on 
release of tritium, as . cents .. sup . 3H ! H . sub . 20, from a 

.cents . 5- . sup. 3H ! uronyl-labeled substrate, it was important to establish 
that the purified enzyme did indeed catalyze the actual 

conversion of D-glucuronyl to L-iduronyl residues. Upon incubation of the 

purified enzyme with . sup . 3H-labeled heparosan N-sulfate, 

prepared by metabolic labeling (with D- . cents . 1- . sup . 3H ! glucose ) of a 

capsular polysaccharide from Escherichia coli K5 and 

subsequent chemical partial N-deacetylation and N-sulfation, 

approximately 30% of the D-glucuronyl residues located between two 

N-sulfated glucosamine units were converted to L-iduronyl units. 
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Glycosaminoglycans derived from K5 polysaccharide 

having high anticoagulant and antithrombotic activity and useful fo 

control of coagulation and as antithrombotic agents are obtained st 

from an optionally purified K5 polysaccharide by a 

process comprising the steps of N-deacetylation/N-sulf ation, C5 

epimerization, O-oversulf ation, selective O-desulf ation , 

6-O-sulf ation, N-sulfation, and optional depolymn., in which said 

epimerization is performed with the use of the enzyme 

glucoronosyl C5 epimerase in soln. or in immobilized 

form in the presence of divalent cations. New, particularly intere 

antithrombin compds . are obtained by controlling the reaction time 

selective O-desulf ation step and submitting the product obtained at 

end of the final N-sulfation step to depolymerizazion . 
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Glycosaminoglycans derived from the K5 polysaccharide 



RE 



having high anticoagulant and antithrombotic activity obtained by 
process comprising the prepn. of the K5 polysaccharide 
from Escherichia coli, N-deacetylation/N-sulf ation, C-5 
epimerization, supersulf ation, selective O-desulf ation, selective 
6-0 sulfation and N-sulfation, wherein said epimerization is 
carried out using the glucuronosyl C-5 epimerase enzyme 
in soln. or in immobilized form in presence of specific divalent 
cations . 
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TI Biosynthesis of heparin/heparan sulfate. Purification of the D-glucuronyl 

C-5 epimerase from bovine liver 
AU Campbell, Patrick; Hannesoson, Helgi H.; Sandbaeck, Dagmar; Roden, 

Lennart; Lindahl, Ulf; Li, Jin-ping 
CS Univ. Alabama, Birmingham, AL, 35294, USA 
SO Journal of Biological Chemistry (1994), 269(43), 26953-8 

CODEN: JBCHA3 / ISSN: 0021-9258 
DT Journal 
LA English 

AB The D-glucuronyl C-5 epimerase involved in the biosynthesis of 

heparin/heparan sulfate was purified from the high speed supernatant 

fraction of a homogenate of bovine liver by chromatog. on 

immobilized O-desulfate heparin, red Sepharose, Ph Sepharose, and 

Con A-Sepharose. After close to 1 million-fold purifn., 10-15% yield, the 

product gave a single band on SDS-PAGE with silver staining and had a 

mobility corresponding to an Mr of . apprx . 52, 000 . Since the 

epimerase assay used in the course of purifn. was based on release 

of tritium, as [3H]H20, from a [ 5-3H] uronyl-labeled substrate, it was 

important to establish that the purified enzyme did indeed 

catalyze the actual conversion of D-glucuronyl to . L-iduronyl residues. 

Upon incubation of the purified enzyme with 3H-labeled heparosan 



N-sulfate, prepd. by metabolic labeling (with D- [ 1-3H ] glucose ) of a 
capsular polysaccharide from Escherichia coli K5 and 

subsequent chem. partial N-deacetylation and N-sulfation, approx. 30% of 
the D-glucuronyl residues located between two N-sulfated glucosamine units 
were converted to L-iduronyl units. 
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SO JOURNAL OF BIOLOGICAL CHEMISTRY, (28 OCT 1994) Vol. 269, No. 43, pp. 
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AB The D-glucuronyl C-5 epimerase involved in the biosynthesis 



of heparin/heparan sulfate was purified from the high speed supernatant 
fraction of a homogenate of bovine liver by chromatography on 
immobilized O-desulfated heparin, red Sepharose, phenyl Sepharose, 
and concanavalin A-Sepharose. After close to 1 million-fold purification, 
in 10-15% yield, the product gave a single band on SDS-polyacrylamide gel 
electrophoresis with silver staining and had a mobility corresponding to 
an M(r) of similar to 52,000. Since the epimerase assay used in 
the course of purification was based on release of tritium, as [H-3]H20, 
from a [ 5-H-3 ] uronyl-labeled substrate, it was important to establish that 
the purified enzyme did indeed catalyze the actual conversion of 
D-glucuronyl to L-iduronyl residues. Upon incubation of the purified 
enzyme with H-3-labeled heparosan N-sulfate, prepared by metabolic 
labeling (with D- [ l-H-3 ] glucose ) of a capsular polysaccharide 
from Escherichia coli K5 and subsequent chemical partial 
N-deacetylation and N-sulfation, approximately 30% of the D-glucuronyl 
residues located between two N-sulfated glucosamine units were converted 
to L-iduronyl units . 
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L8 ANSWER 1 OF 1 CAPLUS COPYRIGHT 2002 ACS 
AN 2002:532818 CAPLUS 

TI Extracellular matrix composition of full-thickness defect repair 

tissue is little influenced by exercise in rat articular cartilage 

AU Espanha, M. Margarida; Lammi, Pirkko E.; Hyttinen, Mika M.; Lammi, Mikko 
J.; Helminen, Heikki J. 

CS Faculty of Human Kinetics, Technical University of Lisboa, Lisbon, Port. 

SO Connective Tissue Research (2001), 42(2), 97-109 
CODEN: CVTRBC; ISSN: 0300-8207 

PB Gordon & Breach Science Publishers 

DT Journal 

LA English 

AB Full-thickness articular cartilage defects in the femoral condyles of 



adult rats were examd. four and eight weeks after injury. Quant, 
polarized light microscopic anal, showed that birefringence of the tissue 
in the central repair area increased more in rats exercised on a 
treadmill. Glycosaminoglycan content in the repair tissue was 
also higher than in the intermittent active motion group at four weeks 
after injury, but by eight weeks the levels were similar in both groups. 
No normal-looking articular cartilage was formed in the lesions, and only 
in one animal type II collagen was obsd. in the superficial zone 
of repair tissue. No 3B3(-) antigenicity of the proteoglycans was seen 
during repair. In conclusion, exercise minimally modified the repair of 
full-thickness articular cartilage defects in adult rats. The repair in 
the exercised group may occur slightly faster in the early stages but no 
difference was seen at the eight week time interval between the exercised 
and the intermittently active group. 
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DT Journal 
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AB A new substrate for N-acetylheparosan deacetylase was prepd. The capsular 
polysaccharide from E. coli 010:K5:H4, which is 

structurally identical to N-acetylheparosan, was partially N-deacetylated 
by hydrazinolysis and was then radioactively labeled by N-acetylation with 
[3H] acetic anhydride. Upon incubation of the labeled 
polysaccharide with microsomes from the Furth mastocytoma, 
[3H] acetyl groups were released, demonstrating that the bacterial 
polysaccharide was a substrate for the N-deacetylase . Reaction 
conditions were established which permitted the quant, assay of 
N-deacetylase activity; a Km of 74 mg polysaccharide /L was detd. 
which corresponds to 2 . 1 .times. 10-4M, expressed as concn. of uronic 
acid; the Vmax was 3.4 nmol/mg protein/L. In confirmation of previous 
results, it was obsd. (1) that the reaction was stimulated by 
3 1 -phosphoadenylylsulf ate (up to a max. of 45% at a concn. of 0.5 mM) , 
suggesting that N-sulfation occurred which facilitated continued action of 
the N-deacetylase, and (2) that NaCl and KC1 inhibited the enzyme, with 
50% redn. of activity at a concn. of 25 mM. In the course of this work, a 
simple, single-vial assay procedure was used. Released [3H] acetate was 
extd. from the acidified reaction mixt. with a toluene- or xylene-based 
scintillation fluid contg. 10% isoamyl ale. and measured directly by 
scintillation spectrometry. 
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AB A process to generate glycosaminoglycans with 

heparin- and heparan sulfate-like sequences from the Escherichia coli 
K5 capsular polysaccharide is described. This polymer has the 
same structure as N-acetylheparosan, the precursor in heparin/heparan 
sulfate biosynthesis. The process involves chemical N- 
deacetylation and N-sulfation, enzymatic t 

conversion of up to 60% of the D-glucuronic acid to L-iduronic acid 
residues, and chemical O-sulfation. Because direct sulfation afforded 
unwanted 3-O-sulfated (instead of 2-O-sulf ated) iduronic acid residues, 
strategy involving graded solvolytic desulfation of chemically 
oversulfated C5-epimerized sulf aminoheparosans was assessed using 
persulfated heparin and heparan sulfate as model compounds. The 
O-desulf ation process was shown to increase the anti-factor Xa 
activity of oversulfated heparin. 
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US 2000-738879 A2 20001218 
US 2001-950003 A 20010912 
AB Glycosaminoglycans derived from K5 polysaccharide 

having high anticoagulant and antithrombotic activity and useful for the 
control of coagulation and as antithrombotic agents are obtained starting 
from an optionally purified K5 polysaccharide by a 
process comprising the steps of N-deacetylation/ 
N-sulfation, C5 epimerization, O-oversulf ation, 
selective O-desulf ation, 6-O-sulf ation, N-sulfation, 

and optional depolymn., in which said epimerization is performed with the 
use of the enzyme glucoronosyl C5 epimerase in soln. or in immobilized 
form in the presence of divalent cations. New, particularly interesting 
antithrombin compds . are obtained by controlling the reaction time in the 
selective O-desulf at ion step and submitting the product obtained at the 
end of the final N-sulfation step to depolymerizazion . 
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AB A process to generate glycosaminoglycans with heparin 

and heparan sulfate-like sequences from the Escherichia coli K5 

capsular polysaccharide is described. This polymer has the same structure 

as N-acetylheparosan, the precursor in heparin/heparan sulfate 

biosynthesis. The process involves chem. N- 

deacetyl ation and N-sulfation, enzymic 

conversion of up to 60% of the D-glucuronic acid to L-iduronic acid 
residues, and chem. O-sulf ation. Because direct sulfation afforded 
unwanted 3-O-sulfated (instead of 2-0-sulf ated) iduronic acid residues, a 
strategy involving graded solvolytic desulfation of chem. over-sulf ated 
C5-epimerized sulf aminoheparosans was assessed using persulfated heparin 
and heparan sulfate as model compds. The O-desulf ation process 
was shown to increase the anti-factor Xa activity of over-sulf ated 
heparin . 
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PRAI IT 

AB Glycosaminoglycans derived from the K5 polysaccharide 

having high anticoagulant and antithrombotic activity obtained by a 

process comprising the prepn. of the K5 polysaccharide 

from Escherichia coli, N-deacetylation/N- 

sulfation, C-5 epimerization, supersulf ation, selective 

O-desulf ation, selective 6-0 sulfation and N-sulfation 

, wherein said epimerization is carried out using the glucuronosyl C-5 
epimerase enzyme in soln. or in immobilized form in presence of specific 
divalent cations. 
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AB A process to generate glycosaminoglycans with 

heparin- and heparan sulfate-like sequences from the Escherichia coli 

K5 capsular polysaccharide is described. This polymer has the 

same structure as N-acetylheparosan, the precursor in heparin/ heparan 

sulfate biosynthesis. The process involves chemical N- 

deacetylation and N-sulfation, enzymatic 

conversion of up to 60% of the D-glucuronic acid to L-iduronic acid 
residues, and chemical O-sulfation. Because direct sulfation afforded 
unwanted 3-O-sulfated (instead of 2-O-sulf ated) iduronic acid residues, a 
strategy involving graded solvolytic desulfation of chemically 
oversulfated C5-epimerized sulf aminoheparosans was assessed using 
persulfated heparin and heparan sulfate as model compounds. The 
O-desulf at ion process was shown to increase the anti-factor Xa 
activity of oversulfated heparin. 
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AB A process to generate glycosaminoglycans with 

heparin- and heparan sulfate-like sequences from the Escherichia coli 
K5 capsular polysaccharide is described. This polymer has the same 
structure as N-acetylheparosan, the precursor in heparin/ heparan sulfate 
biosynthesis. The process involves chemical N- 
deacetylation and N- sulfation, enzymatic 

conversion of up to 60% of the D-glucuronic acid to L-iduronic acid 
residues, and chemical O-sulfation. Because direct sulfation afforded 
unwanted 3-O-sulfated (instead of 2-O-sulf ated) iduronic acid residues, a 
strategy involving graded solvolytic desulfation of chemically 
oversulfated C5-epimerized sulf aminoheparosans was assessed using 
persulfated heparin and heparan sulfate as model compounds'. The 
O-desulf ation process was shown to increase the anti-factor Xa 
activity of oversulfated heparin. 



